olanum nigrum (L.) is an important herbaceous medicinal plant belonging to family Solanaceae. It is antiseptic, antibacterial, antidiuretic and anti-inflammatory. In the present study, stem nodal segments of Solanum nigrum were used as explants to induce callus formation on Murashige and Skoog basal medium fortified with 30 g/l sucrose, solidified with 6 g/l agar and supplemented with BA and 2,4-D under biotic (autoclaved Fusarium oxysporum culture filtrate) and abiotic elicitation (mannitol induced osmotic stress). Results revealed that the callus vigor of growth, color, texture and the nature of the surface of fresh and dry weight, size of callus and contents of some secondary metabolites were affected by the action and interaction and concentration of the two applied elicitors. Elicitation, in general, enhanced the biosynthesis and accumulation of secondary metabolites in callus tissues. Alkaloids were increased from 30 mg/g in dry callus powder (control) to 200 mg/g in calli treated with 1% fungal filtrate and 100 mM mannitol. Flavonoids increased from 20 mg/g in dry callus powder (control) to 410 mg/g in calli treated with 1% fungal filtrate without mannitol. Tannins increased from 10 mg/g in dry callus powder (control) to 310 mg/g in calli treated with 0.5% fungal filtrate and 50 mM mannitol or 1% fungal filtrate with or without 50 mM mannitol. The obtained results indicated also that elicited calli exhibited in general much more pronounced antibacterial effect against the four tested pathogenic bacterial strains (Staphylococcus aureus, Bacillus cereus, Pseudomonas aeruginosa and Escherichia coli). The obtained results indicate the possibility of maximizing the production of valuable phytopharmaceutics in vitro using biotic and abiotic elicitation.
Higher plants are sources of a lot of important pharmaceutics, which can't be replaced by synthetic substitutes in many cases. Rates (2001) mentioned that 11% of the 252 drugs considered as basic and essential by WHO are exclusively derived from flowering plants but, unfortunately, many plants containing high-value compounds are difficult to cultivate or are becoming endangered because of overharvesting. Furthermore, Namdeo (2007) stated that the chemical synthesis of plant derived compounds is often not economically feasible because of their highly complex structures and the specific stereochemical requirements of the compounds. Although callus, cell suspension and hairy root cultures are regarded as modern biotechnological alternatives for the production of phytopharmaceutics, the lack of understanding of how secondary metabolites biosynthesis is regulated and the difficulties in selecting high-yielding plant cells and stable cultures (Verpoorte and Memelink, 2002) makes it difficult to use such biotechnological methods for the production of phytopharmaceutics on the commercial level. However, elicitation is now regarded as one of the most elite approaches, which can be used to trigger the plant cells and elevate their biosynthetic potential of bioactive substances in vitro and makes such systems closer to commercial or semi commercial production. Shikonin, ginsenosides, berberine and taxol are already good examples of important phytopharmaceutics, which could be produced commercially on large scale in bioreactors as described Malik et al. (2016) .
Elicitation is the induced or enhanced biosynthesis of defense secondary metabolites by plant cell culture systems in vitro due to addition of trace amounts of elicitors (Radman et al., 2003) . These substances (elicitors) can be of biological origin like microbial enzymes or cell wall fragments (biotic elicitors) or of non-biological origin like stress inducing chemicals including mannitol or sodium chloride (abiotic elicitors). The exact mechanism of elicitation is not fully understood.
The main objectives of the present study were to induce callus formation from stem nodal explants of Solanum nigrum (L.) and study the effect of biotic elicitation (autoclaved Fusarium oxysporum culture filtrate) and abiotic elicitation (mannitol induced osmotic stress) on callus growth, morphology, biosynthesis of some active constituents and antibacterial activity.
MATERIALS AND METHODS

Explant Preparation
Surface sterilized seeds of S. nigrum were allowed to germinate and grow on Murashige and Skoog (1962) culture medium (MS medium) for three weeks. The seedlings were then used as sources of stem nodal explants (1 cm 2 ).
Treatments
For callus induction, explants were separately cultured on MS culture medium supplemented with BA (1 mg/l) in combination with 2,4-D (0.75 mg/l). Media were supplemented with biotic elicitor represented by fungal filtrate (Fusarium oxysporum) and abiotic elicitor represented by mannitol to create 15 different formulations in addition to the control treatment as illustrated in table (1). the resulting copper oxide was determined and the amount of tannins was calculated.
Total flavonoids
Total flavonoids were determined according to Bohm and KocipaiAbyazan (1974) . Two grams of the plant material were extracted repeatedly with 100 ml of 80% aqueous methanol at room temperature. The whole solution was filtered through a filter paper number 42 (125 mm) and the filtrate was later transferred into a crucible and evaporated to dryness over a water bath and weighed to a constant weight.
Assay of Antibacterial Activity
Assay of antibacterial activity was carried out by the disk-diffusion method described by Salie et al. (1996) . Five mm (diameter) filter paper disks were allowed to imbibe different aliquots of ethanolic extract in order to have an exact amount of dry callus extract equal to 30 mg per disc. After the organic solvent was completely evaporated, the discs were put on the surface of nutrient agar seeded with test bacteria in 9 cm diameter Petridishes. All the plates were incubated at 37°C for 24 h. The experiment was performed three times under strict aseptic conditions. Antibacterial activity was determined by measuring the diameter of the inhibition zone and the mean values were calculated.
Experimental Design and Statistical Analysis
Experiments were repeated three times following a completely randomized block system. Statistical analysis (Anova-one way completely randomized, significance level "0.05") was performed using CoStat statistical software, CoHort info@cohort, www.cohort.com.
RESULTS AND DISCUSSION
The effect of biotic elicitation (represented by the addition of autoclaved fungal filtrates to the callus inducing culture media) and abiotic elicitation (represented by the addition of mannitol to the callus inducing medium) on callus morphology (vigor of growth, color and texture) can be seen in table (2, 3 and 4) and fig. (1) . The results obtained showed that the incorporation of fungal filtrate reduced the vigor of growth of S. nigrum callus, while on the other hand mannitol treatment (100 mM and 150 mM) enhanced callus growth. Except for one case, the interaction of fungal filtrate and mannitol reduced the callus growth from medium to week or mild growth. The color of callus and its uniformity varied according to treatment, but it is difficult to correlate the color of callus to a specific treatment, however the color ranged from green to greenish and from creamy to brownish and the treatment with 1.5% fungal filtrate alone or combined with mannitol generally resulted in patchy calli. The calli obtained were either soft with smooth surface or compact and nodular. It could be obviously observed that mannitol or fungal filtrate resulted in a soft smooth callus resembling the control one, but the interaction of mannitol and the fungal filtrate in some concentrations (in the great majority) resulted in the production of compact nodular calli. The observed changes in growth, color and texture of calli may have resulted from altered metabolism of the cultured cells under the effect of elicitors. Many of the secondary metabolites are colored substances. Table ( 3) Effect of biotic and abiotic elicitation on color S. nigrum callus.
Mannitol (mM)
Fungal filtrate (%) 0.0 0.5 1.0 1.5 With respect to callus size, the results illustrated in table (5) show that the treatment with mannitol generally increased the callus size significantly. The lower concentration of the fungal filtrate (0.5%) exhibited no effect on callus size in comparison to the non-treated control calli. While the treatment with 1% fungal filtrate significantly increased the callus size, the higher concentration (1.5%) reduced the size of the callus. The interaction between mannitol and autoclaved fungal filtrate exhibited various effects on callus size and it is clear from the results that the effect depended on the concentration of the two factors applied. In general, the highest callus size reached up to 8.33 cm 3 in response to the treatment with 50 mM mannitol and 1% fungal filtrate. This value represents a significant increase over all the other treatments. The minimum callus size (1.0 cm 3 ) resulted from the treatment with 150 mM mannitol and 0.5% fungal filtrates. It is to be mentioned that the callus with the maximum size is not necessary to be the one with the highest fresh or dry weight. The nature, morphology and growth of the callus may play a role. The increase in callus size as a result of the treatment with mannitol is accompanied by a significant increase also in fresh weight of callus. This can be seen in the results of the present study, as illustrated in table (6). Fresh weight of callus increased from 3.28 g on control medium to 5.3 g in calli treated with 50 and 150 mM mannitol. Mitoi et al. (2009) revealed that long term exposure to mannitol at high concentrations, may activate the adaptive mechanisms by which the expression of antioxidant enzymes are correlated. Hadi et al. (2014) explained that there is a big difference between gradual and shock exposure of callus to mannitol treatment. Working with fenugreek calli, Hussein and Aqlan (2011) found out that osmotic stress created by low mannitol concentration enhanced callus growth. Ziegler (1990) stated that while shock exposure results in a significant decrease in callus fresh weight, the gradual exposure results in no adverse effects on callus fresh weight and in some cases may even improve callus growth. The same author reported that gradual exposure of Ruta graveolens calli to mannitol exhibited no adverse effects on callus fresh weight. Even more, the same author added that they observed a significant increase in callus growth in response to 240 g/l mannitol after twelve weeks of exposure and concluded that it seems that callus growth increased slowly with increasing the time of exposure to mannitol. The gradual exposure of callus to mannitol induces high expression for a number of genes like osmoproteins (shock proteins), but these proteins do not forme when calli expose to shock treatment with mannitol. According to Peleg et al. (2011) , the results observed may be due to the over expression of specific genes that has activated the expression of many downstream genes thus plants express improved stress tolerance. With respect to fungal filtrate, the results showed that the lower and higher concentrations resulted in a decrease in fresh weight of callus, while the medium concentration of 1% showed insignificant increase in comparison to the corresponding control. It is worthy to mention that the treatment which resulted in the minimum callus size had resulted also in the minimum callus fresh weight (0.4 g). In general, the maximum fresh weight, which also represents a significant increase over all the other treatments, was obtained in control callus (3.28 g). The results obtained may agree and confirm the results which were obtained by El-Nabarawya et al. (2015), who reported that fungal biotic elicitation showed negative effect on both callus fresh and dry weights compared to control.
With respect to the dry biomass, the results illustrated in table (7) show that calli, which exhibited the maximum fresh weight (control calli) had shown the maximum dry weight (0.31 g). It is clear from the same table that all the fungal treatments resulted in an insignificant decrease in callus dry biomass. The minimum dry biomass (0.04 g) resulted from the treatment with 0.5% fungal filtrate and 150 mM mannitol.
With respect to alkaloids, the results illustrated (Table 8) show that the amount of alkaloids in calli ranged between 10 and 200 mg/g dry callus powder. Treatment with autoclaved fungal filtrate resulted in an increase in alkaloid content from 30 mg/g in control calli to 130 and 140 mg/g dry callus powder in response to 0.5 and 1.5%, respectively. The amount of alkaloids of 170 mg/g dry callus powder was recorded in calli treated with 50 mM mannitol, which can be considered proper for alkaloid biosynthesis, while the higher concentrations suppressed alkaloid biosynthesis or accumulation. The results of interaction of the two elicitation factors ranged from enhancement of alkaloid biosynthesis to suppression. For example treatment with 1% autoclaved fungal filtrate plus 100 mM mannitol resulted in the maximum accumulation of alkaloids (200 mg/g dry powder), a value which means that the treatment increased the amount of alkaloids more than six folds of the amount of alkaloids detected in control calli. Probably, the combination of the two eliciting factors in these concentrations was proper and that some sort of synergism have resulted and triggered the biosynthesis of alkaloids. On the other hand, treatment with 0.5% fungal filtrate in combination with 150 mM mannitol was severe enough to decrease the amount of alkaloids to 10 mg/g dry callus powder. In general, it may be mentioned that working out the proper combination and concentration of elicitors may exhibit positive effects on the biosynthesis of alkaloids by calli of S. nigrum in vitro. Although the treatments applied exhibited in some cases positive effects and in other cases negative effects on alkaloids. The situation differed with respect to flavonoids. All the applied treatments (as illustrated in table 9) triggered flavonoid biosynthesis, a result which may show for some extent that flavonoids play a role in osmotic adjustment, defense mechanisms and anti-oxidative effects against biotic or abiotic stress or elicitation factors. The amount of flavonoids in control calli was 20 mg/g dry callus powder, while in treated calli it ranged between 60 mg (i.e three folds the concentration of flavonoids in control calli) and 430 mg (i.e. more than 21 folds the concentration of flavonoids detected in control calli). The amounts of tannins (Table 10) increased from 10 mg/g in control calli to a maximum value of 310 mg/g, in calli treated with 150 mM mannitol. It is worthy to mention that except for treatment with 1% fungal filtrate and 150 mM mannitol, all the other treatments markedly resulted in amounts of tannins higher than the corresponding control. So, It can be freely mentioned that both biotic and abiotic treatments individually or combined exhibited positive effects on secondary metabolism and accumulation of alkaloids, flavonoids and tannins. The results obtained in this study are in agreement with other studies, which found out that in vitro cultured plant cells could synthesize extra amounts of secondary metabolites like phenolics (Grace and Logan, 2000) , anthraquinone (Nazif et al., 2000) , flavonoids and indole alkaloids (Chutipaijit et al., 2009 ) and anthocyanin (Chan et al., 2010) in response to various abiotic stress factors. It is to be mentioned that osmotic stress tends to accumulate sugars and compatible solutes in the cytoplasm (Chen and Murata, 2002) and other osmotically active low molecular weight compounds (Roychoudry et al., 2008) . The results of the present study may agree with Dixon and Priva (1995) , who mentioned that soluble phenolics, which represent the most widely distributed secondary metabolites in the plant kingdom, could be enhanced as a powerful antioxidant in plant tissues suffering from different stress factors. The results obtained in this study that biotic elicitation may enhance the biosynthesis of secondary metabolites in callus cultures may agree with previous observations, which were made on other plants by Baldi et al. (2009 ), Karwasara et al. (2011 ), Mendhulkar and Vakil (2013 , Swaroopa et al. (2013) , Tahsili et al. (2013) , Ahmed and Baig (2014) , Ebrahimi and Zarinpanjish (2015) and Gadzovska Simic et al. (2015) . Elicitation is done to enhance the production of secondary metabolites in plant cultures by using biotic/abiotic molecules. They are considered as signaling molecules as their incorporation in the cultures generates signal transduction cascade and leads to activation and expression of the related genes with the biosynthesis of metabolites (Zhao et al., 2005) and also stimulates plant's antioxidant defense system (De Gara et al., 2003) . The results illustrated in table (11) and fig. (2) show the antibacterial activity of methanolic extracts of calli of S. nigrum against four pathogenic bacterial strains (Staphyllococcus aureus, Bacillus cereus, Pseudomonas aeruginosa and Escherichia coli). The inhibition zones of bacterial growth were measured in mm. The results in general indicate that the extracts of elicited calli were much more powerful in inhibiting the growth of the tested pathogenic bacterial strains. The diameter of inhibition zone of S. aureus reached up to a maximum of 18 mm in calli treated with 1 or 1.5 fungal filtrate plus 50 mM mannitol, while the diameter of the inhibition zone that resulted from extracts of untreated calli was only 6 mm. The treatment with 0.5% fungal filtrate increased the inhibition zone of Bacillus cereus up to 14 mm in comparison to 6 mm in the extracts of control calli. With respect to E. coli, the maximum inhibition zone caused by treated calli reached up to 10 mm (1% fungal filtrate with or without 0.5 mM mannitol; 100 mM and 0.5% fungal filtrate plus 150 mM mannitol), while the inhibition zone caused by control extracts was 6 mm. In contrast to the previously mentioned cases, the methanolic extract of untreated calli was more powerful in inhibiting the growth of Pseudomonas aeruginosa. The inhibition zone reached up to 15 mm, while in the best cases (with extracts of treated calli, the inhibition zones reached 14 mm). It has been also observed that under some treatments, the extracts of calli could not inhibit the bacterial growth, probably due to the severity or improperly applied treatments or due to the biosynthesis of metabolites with less antibacterial effects. However, the results obtained in inhibiting the bacterial growth may be due to the elevated biosynthetic potential of the treated calli of secondary metabolites, which already known to inhibit bacterial growth like alkaloids, flavonoids and tannins, which were determined in this study. Hussein (2009) found out that callus cultures from leaf and stem explants of Cordia africana exceeded the mother plant parts in antibacterial activity. The results obtained by Chaudhry et al. (2014) indicated that the extracts of elicited calli obtained from explants of Nigella sativa (biotic and abiotic) showed better antibacterial activity against pathogenic Gram +ve and Gram -ve bacterial strains even more than some commercially available antibiotics. The same authors explained the high antibacterial activity on the basis of elevated biosynthesis of secondary metabolites like alkaloids and flavonoids, which were also determined in their study. The authors concluded that the results of their study have revealed clear potentiality of N. sativa callus extracts as an alternative source for antimicrobial drugs. The results of the present study are in agreement with the previous findings that methanolic plant extracts give higher antimicrobial activities as stated by Soniya et al. (2013) . The higher antimicrobial activity of the callus extract could be either related to the production of a compound/group of compounds produced only in undifferentiated callus cells or may be produced in higher amounts in these cells when compared to differentiated cells as reported in the previous studies (Nagananda et al., 2012) , suggesting that in vitro cell cultures contain potential active antimicrobial components. Elicitation also played a remarkable role in elevating the antibacterial activity of callus extracts in many cases. Fig. (2) . Antibacterial activity of alcoholic extracts of calli of S. nigrum produced under biotic and abiotic elicitation.
